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Introduction

We will present some analysis of measurements indicating that it is still reasonable to study carefully channel/ correlation models for 4-Tx-diversity purposes. 

Channel & correlation models for 4-Tx-diversity studies have not been extensively discussed in 3GPP – there are only few contributions on those models (see e.g. [2], [11]). Analysis of measured channel impulse response data indicates that link level channel models presented in [2] are not representative  (power of the second eigenbeam should be remarkably lower compared to the dominant eigenbeam when having small Tx-antenna spacing). Since MIMO channel models have been extensively studied and discussed already long time, we recommend using the link channel models (with 1-Rx-antenna) proposed in [10] (or [9]) for 3GPP MIMO. 

1. Cells with higher antenna correlation

1.1. Analysis of Urban Spatial Channel Measurements

Typically in simulation studies synthetic channel models are employed. This enables that different research teams can perform comparable simulations with high statistical reliability. Setting the basic assumptions of the propagation models is not always trivial (especially when spatial and polarisation properties are taken into account in the analysis). However, proper basic assumptions are essential, otherwise simulation studies may lead to technical solutions which do not provide performance gain any more in practical situations.

The aim of this section is to give a short overview on properties of spatial urban propagation channel. This is based on wideband channel sounder measurements and the full version of analysis is given in [7]. This section is organised in the following way; first the measurement setup and environment is shortly described, then results of the eigenvalue analysis are shown and finally conclusions about urban spatial propagation mechanisms are drawn. 

Extensive spatial channel measurement campaign, using wideband channel sounder, was performed in downtown Helsinki during summer 2001. The transmitter antenna, moving along the measurement routes, was located on the roof of van or on the trolley. Both vertically polarised dipole and handheld terminal (attached to the phantom head) were used in the campaign as transmitter antennas. At the base station (BTS) site signal was received using antenna array consisting of 8-columns with (/2-spacing. Two different BTS sites in urban environment were used and three sectors were measured from both of them. Additionally BTS antenna was installed at two different heights at the second measurement site – one above the rooftop level (corresponding typical macrocellular installation) and another below rooftops of surrounding buildings (microcellular case). The total length of measurement routes was in the order of ~100 km. Full set of impulse responses (from all antenna elements) was collected every 3.6 ms, which with the used mobile speeds leads to 3-4 impulse response sets per wavelength. Measurement bandwidth was 5 MHz providing adequate delay resolution for WCDMA considerations.

Next we will show results of eigenvalue analysis. Spatial covariance matrix was created from impulse responses collected by four center elements of the array (corresponding to ongoing 3GPP discussion) and averaged over 150 consecutive impulse response sets. This corresponds to averaging over 540 ms, which with target vehicle speed corresponds to movement over ~40(.

 Figures below show cumulative distribution function (CDF) for the relative eigenvalue powers 
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where i is the eigenvalue index in the order of degreasing power. Figure 1 shows eigenvalue CDF averaged over all measurement routes in all measurement sectors. Figure 2 and Figure 3 give eigenvalue distributions for low and high BTS antenna height, respectively (based on averaging over measurement routes in one sector). 
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Figure 1  Eigenvalue distribution over all measurement sectors and antenna installations
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Figure 2  Eigenvalue distribution with high BTS installation (macrocell)
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Figure 3 Eigenvalue distribution with low BTS installation (microcell like installation)

One of the key assumptions in [2] is that multiple angularly separated (macro) multipaths exists  which leads to higher rank (>1) of the spatial covariance matrix. In the light of measurement results presented above, probability of such propagation conditions in urban cellular environment is low. This has a strong effect on the expectable performance of the proposed Tx-diversity concepts. Interesting fact is that shown "low-rank" behaviour seems to be typical both for "over-the-rooftop" and "below-the-rooftop" antenna installations. 

Like shown in [7] in "below the rooftop" case street canyons play more significant role as dominant propagation routes, whereas in case of higher array installation energy is typically impinging over roofs (mostly from the terminal direction). This also leads to essentially lower delay spreads and maximum excess delays in microcellular case.

1.2 Conclusion in the case of high correlated cells

Experience from spatial channel measurements indicate that only a single dominant eigenvalue is typically present in outdoor environments. This corresponds to a narrow angular spread of UE signal paths at the base station which situation can be easily handled by 3GPP compatible traditional beamforming. 
2. Cells with lower antenna correlation

The models based on wide analysis and measurements presented in [10] (or in [9]; assuming that # of Rx-antennas equals one) are well suitable for the 4-Tx-diversity cells with lower correlation.

Conclusions

In order to have more reliable simulation assumptions for 4-Tx-diversity studies we recommend adopting the channel models proposed for 3GPP MIMO that are presented in [10] (or [9]). 
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